Ubiquitin-specific protease 9X (USP9X) is crucial in many tumor types, but not in hepatocellular carcinoma (HCC). The current study aimed to examine the effects of RNA interference on USP9X expression, and subsequently on the bioactivity of HCC SMMC7721 and HepG2 cells. The protein expression of USP9X in SMMC7721, HepG2 and normal human liver cell line L02 at the cellular level was determined by western blot analysis; USP9X was knocked down by small interfering RNA (siRNA) in HCC SMMC7721 and HepG2 cells. In vitro cell viability was assessed by MTT assay, apoptosis was determined by flow cytometry (FCM) and cell migration was evaluated by Transwell assays. The protein expression of USP9X in SMMC7721 and HepG2 were both significantly higher than that in L02 (P<0.01). The results of western blot demonstrated that the USP9X-siRNA could efficiently inhibit USP9X expression when compared with that of the negative control (NC) group (P<0.01) and MTT assay demonstrated that cell proliferation in USP9X-blocked cells was significantly reduced when compared with that of the NC group (P<0.01). The results of FCM revealed that apoptosis was significantly increased in USP9X-blocked cells when compared with that of the NC group (P<0.01). The results of transwell assay showed that cell migration was significantly inhibited in USP9X-blocked cells when compared with that of the NC group (P<0.01). These results show that expression of USP9X is upregulated in hepatoma cells SMMC7721 and HepG2, and that downregulating USP9X by siRNA may induce cell apoptosis, inhibit cell growth and cell migration in the HCC SMMC7721 and HepG2 cell lines. USP9X may therefore be a potential target for HCC treatment and early detection.
Introduction
Hepatocellular carcinoma (HCC), as one of the most malignant cancers worldwide, causes >500,000 mortalities worldwide every year and has an extremely poor prognosis (1, 2) . Currently, chemotherapy, liver transplantation, surgical resection, and local ablation are used for the treatment of HCC, which is dependent on the stage of HCC (3) . HCC leads to a high mortality due to the lack of reliable early detection (4) . Therefore, a reliable target is urgently required for the development of early detection and effective treatment techniques for HCC.
Ubiquitin-specific protease 9X (USP9X) is a X-linked ubiquitin specific peptidase which belongs to the ubiquitin-specific protease family (5) . USP9X serves as a deubiquitinase and effectively regulates the proliferation, adhesion and signal transduction of cells, therefore is crucial in controlling proteasome activity in organogenesis, transcriptional regulation and tumorigenesis (6) (7) (8) (9) . Previous studies have demonstrated an association between USP9X and lung, colon (5) and breast cancer (10) , and lymphoma (11) . Specifically, previous studies have shown that high USP9X expression results in a poor prognosis in lymphoma and lung cancer (10) (11) (12) (13) (14) . Thus, we hypothesize that high USP9X expression is associated with the growth and metastasis of tumor cells.
However, to date, the role of USP9X in HCC has not been reported. In the present study, the expression of USP9X was blocked in SMMC7721 and HepG2 cells using specific small interfering RNA (siRNA) to explore the potential influence of USP9X in HCC cell lines.
Materials and methods
Cell culture. The human HCC cell lines SMMC7721 and HepG2, and human liver cell line, L02 were purchased from American Type Culture Collection (Manassas, VA, USA). Cells were cultured in RPMI-1640 (Invitrogen Life Western blot analysis. Total protein was extracted using the Total Protein Extraction Kit (Beyotime Institute of Biotechnology, Shanghai, China); USP9X protein was separated by 6% SDS-PAGE and then transferred to nitrocellulose membranes (Pierce, Rockford, USA) and incubated at 37˚C for 1 h with the indicated primary and horseradish peroxidase-secondary antibodies (cat. no. LK2001; Beyotime Institute of Biotechnology). The labeled proteins were detected using chemiluminescent agents. Images were collected by Image-Pro plus software 6.0 (Media Cybernetics, Silver Spring, MD, USA). The relative levels of the target protein are represented as the density ratio versus β-tubulin. Independent experiments were repeated three times for each sample and the relative expression levels of protein were normalized to the endogenous reference gene β-tubulin and analyzed by using 2 -∆∆CT method (15) .
Reduced ubiquitin-specific protease 9X expression induced by RNA interference inhibits the bioactivity of hepatocellular carcinoma cells
Flow cytometry assay (FCM) for apoptosis. Annexin-V/propidium iodide (PI) double assay was performed using the Annexin V-FITC Apoptosis Detection kit (Nanjing KeyGen Biotechnology, Nanjing, China). Cells were released from the culture dish with trypsin and washed twice with phosphate buffered saline (PBS; BoPei Biotech Co. Ltd., Chongqing, China). Cells (1x10 6 ) were resuspended in 500 µl binding buffer and stained with 5 µl FITC-labeled Annexin-V according to the manufacturer's instructions. Following this, 5 µl PI was added and allowed to incubate with the cells for 10 min at room temperature in the dark. After one wash with PBS, cells were subjected to FCM analysis using BD FACSCalibur (BD Biosciences, San Jose, CA, USA). The data were analyzed using CellQuest data acquisition and analysis software (version 5.1; BD Biosciences).
MTT assay. Cells were plated in 96-well plates at a density of ~4x10 3 cells/well. Following treatment, the plates were incubated in a 37˚C humidified incubator for the time periods indicated below. To assess cell viability, the MTT assay was performed according to the manufacturer's instructions (Sigma-Aldrich, St Louis, MO, USA). In brief, 20 µl of MTT reagent (5 mg/ml) was added to each well, and the cells were incubated for a further 4 h at 37˚C, followed by the addition of 150 µl DMSO (Sigma-Aldrich). Absorbance (A) was determined by measuring the absorbance at 490 nm using a Victor3 spectrofluorimeter (Perkin Elmer, Foster City, USA) at 24, 48 and 72 h post-transfection. Each assay was performed in triplicate and each experiment was repeated at least three times. Cell-growth curves were calculated as A mean values of triplicates per group.
Transwell assay. The migration assay was performed in a 6-well transwell chamber (Corning, Cambridge, MA, USA), which contained an 8 µm pore size polycarbonate membrane filter for migration assay. Cells were trypsinized and suspended in a serum-free medium containing 1% bovine serum albumin at a concentration of 5x10 4 cells/insert. Medium supplemented with 10% fetal calf serum was added to the lower chamber. After reculturing with 5% CO 2 at 37˚C for 24 h, the transwell chambers were inverted and the cells were removed by swabbing and stained with crystal violet (Beyotime Institute of Biotechnology, Shanghai, China).
Statistical analysis. All statistical analyses were performed using SPSS 17.0 (SPSS, Chicago, USA). Data are presented as the mean ± standard deviation. The differences of two groups and three groups were statistically analyzed using the Student's t-test and Analyze Compare Means One-Way ANOVA. The differences of ratios were statistically analyzed using the χ 2 test. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of USP9X is upregulated in hepatoma SMMC7721
and HepG2 cell lines. The protein expression of USP9X was detected in SMMC7721, HepG2 and L02 by western blot analysis. The results suggested that the protein expression of USP9X was upregulated in SMMC7721 and HepG2 (Table II; P<0.01).
USP9X expression was inhibited by siRNA in SMMC7721
and HepG2 cells. To examine the off-target effect of RNAi, USP9X-siRNA and NC were transfected into SMMC7721 and HepG2 cells using Lipofectamine 2000. USP9X expression was evaluated by western blot analysis. The results showed that USP9X-siRNA could effectively inhibit the expression of USP9X in SMMC7721 and HepG2 cell lines (Table III; P<0.01).
USP9X-siRNA enhances SMMC7721 and HepG2 cell apoptosis. After SMMC7721 and HepG2 cells were transfected with USP9X-siRNA, cellular apoptosis was first examined by Annexin V and PI staining followed by FCM analysis. The percentage of apoptotic cells in the USP9X-siRNA group was higher than the NC group in both SMMC7721 and HepG2 (Figs. 1 and 2 and Table IV ; P<0.01). USP9X-siRNA reduces SMMC7721 and HepG2 cell viability. As shown in Table V , the MTT assay revealed that the USP9X-siRNA group exhibited significantly reduced cell viability compared with the NC group cells (P<0.01).
USP9X-siRNA inhibits the migration of SMMC7721 and HepG2 cells. The results of the transwell assay revealed that the migration of SMMC7721 and HepG2 cells transfected with USP9X-siRNA was significantly reduced when compared with 
SMMC7721
HepG2 that of the NC groups (P<0.01), indicating that suppression of USP9X inhibited the migration of SMMC7721 and HepG2 cells (Figs. 3 and 4 and Table VI ; P<0.01).
Discussion
Recently, an increasing number of studies have demonstrated that USP9X is involved with cancer (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . USP9X expression was found to be higher in lung, colon and breast cancer, when compared with normal tissues in vitro (5, 10) . Furthermore, in lung and colon cancers, decreased USP9X expression resulted in the promotion of cellular apoptosis in vivo (5) , which indicated that USP9X expression may be a potential predictor of such cancers. However, at present, the association between USP9X expression and HCC has not been reported. Therefore, in the present study, the USP9X gene was knocked down in SMMC7721 and HepG2 cells using siRNA to study the potential effect of USP9X on HCC cells. In SMMC7721 and HepG2 cells, along with the effective silencing of USP9X by specific siRNA, cell viability and migration were reduced while cell apoptosis was increased. Cell viability and apoptosis are important in the oncogenesis and chemotherapy resistance of HCC cells. This study demonstrated that the viability of SMMC7721 and HepG2 cells was reduced by USP9X-siRNA. The apoptosis ratio in the USP9X-siRNA group was significantly higher than in the NC group. This evidence indicates that USP9X is a crucial factor in HCC tumor growth. The current study also shows that cell migration was downregulated when USP9X expression was inhibited, indicating that USP9X-siRNA alone may inhibit cell migration. Additionally, USP9X-siRNA significantly reduced cell viability, which consequently resulted in a relative reduction in cell migration.
In conclusion, the results in the current investigation revealed that RNAi-mediated downregulation of USP9X effectively inhibits the growth and migration of SMMC7721 and HepG2 cells. However the mechanisms associated with USP9X regulating the bioactivity of HCC remain unknown. USP9X has been previously shown to bind to the Mcl-1 protein, which was reported to inhibit cell apoptosis in HCC (16, 17) , and inhibit proteasomal degradation in lymphoma (13) . In other tumors, such as lung cancer, colon cancer and lymphoma, USP9X inhibited cancer cell apoptosis by influencing the degradation of specific protein Mcl-1 (5). Therefore we speculate that USP9X may inhibit cell apoptosis by influencing Mcl-1 in HCC cells. USP9X may be a potential target for the treatment and early detection of HCC, however, further studies are required to clarify the mechanism by which USP9X is involved in the development and progression of HCC, and its related pathway in HCC.
